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Fig. 9. Distribution of isolated Paragonimus mitochondria on isopycnic density gradient (35-55% (w/w) sucrose) centrifugation. Trematode mitochondria (24.9 mg protein)
were centrifuged and the specific gravity (open circles), protein concentration (closed circles), and ratios of specific activity of cytochrome c oxidase (CCO) to fumarate
reductase (FRD) (shaded bars) and of FRD to CCO (closed bars) were determined for each fraction. Specific activity of CCO and FRD for Fraction 3, giving the highest CCO/
FRD x 100 value, is 38.7 s~ '/ml/mg and 14.6 pmol/min/mg, respectively. Specific activity of CCO and FRD for Fraction 13, giving the highest FRD/CCO value is 0.225 s~ ml/mg
and 14.1 pmol/min/mg, respectively. Mitochondria with high FRD/CCO ratios were distributed between Fractions 13 and 23, with densities of 1.1920 and 1.2185 g/ml,

respectively. Detailed experimental procedures are described in Section 2.

Tissues surrounding cyst

Inside of cyst

PO, =~ 40 mmHg

Fig. 10. Schematic cross-section of a cyst inhabited by adult Paragonimus. T and Tc
represent the tegument and tegumental cells with aerobic mitochondria, and Pc1
and Pc2 represent types-1 and -2 parenchymal cells, respectively, the latter of
which contain anaerobic mitochondria. PO, represents oxygen tension.

At present, it is difficult to separate Pc1 and Pc2 mitochondria
because they do not differ significantly in size. Mitochondria pres-
ent in Fractions 8-12 (1.174-1.1845 g/ml), with low CCO/FRD and
FRD/CCO ratios, may be intermediate between aerobic and anaer-
obic mitochondria. Alternatively, their higher CCO activity and lar-
ger size might suggest that they consist primarily of Pcl
mitochondria. Although we previously reported that Pcl mito-

chondria in P. ohirai are aerobic (Fujino et al., 1996), the staining
intensity for CCO activity of P. westermani Pc1 mitochondria was
significantly lower than that of tegument/tegumental cell mito-
chondria. Interestingly, we observed two types of mitochondria,
one heavily stained with clear cristae and the other lightly stained
with few cristae, which appear to correspond to our in situ obser-
vations, although artifacts may have been introduced during stain-
ing. The Pc2 mitochondria can be safely categorised as anaerobic
with high FRD/CCO ratios. To summarise the results, the distribu-
tion of the three types of mitochondria is schematized in Fig. 10.
The presence in adult P. westermani of mosaic cells containing
different types of respiratory chains, with varied energy efficiency,
is intriguing. This situation may be due to the environmental oxy-
gen tension surrounding the trematodes. In contrast to adult A.
suum, which dwells in the host small intestinal lumen with low
oxygen tension (PO, = 0-10 mm Hg; Minning et al., 1999), oxygen
tension inside the cysts in which adult P. westermani live is likely
higher than in the intestinal lumen, although this has not been
demonstrated to date. Since the PO, of mammalian lung tissues
through which blood circulates is approximately 40 mm Hg (Guy-
ton, 1986), the PO, inside cysts may be similarly high enough to
drive the aerobic respiratory chain of mitochondria localised in
the outermost tegument and tegumental cells. In contrast, the
parenchymal cells, which are located under the tegument and in
the innermost part of the body, are in an environment of much
lower PO,. Therefore, the PO, of some parenchymal cells may be
close to zero. Under these anaerobic conditions, as for adult A.
suum (Kita and Takamiya, 2002; Yokota et al., 2006; Hashimoto
et al., 2008; Takamiya et al., 2009), the parenchymal cells must de-
pend on anaerobic respiration, in which fumarate functions as the
electron acceptor instead of oxygen and oxygen homeostasis is
maintained using haemoglobin and myoglobin. Thus, adult P. west-
ermani adapt to their environmental conditions by optimising the
mosaicism of their own tissues. Further studies are required to elu-
cidate the mechanisms underlying aerobic-anaerobic transitions
and the mosaic formation of tissues in these parasitic trematodes.
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Abstract. This study was aimed to find out the host-parasite relationship between
Paragonimus heterotremus isolated as metacercariae from mountain crabs, Indochina-
mon manipurensis, in Manipur, India and laboratory animals such as puppies, albino
rats, Swiss mice, guinea pigs, and rabbits, as experimental animals. The animals
were fed with the metacercariae. Infected animals were sacrificed 35 to 430 days
after feeding to recover worms, which were used to determine the developmental
stages. Adult worms (1 = 14) were recovered from 3 puppies 270 days after feed-
ing and immature worms (n = 25) were recovered from 2 other puppies 35 or 43
days after infection. The infection rate in puppies was 100%. Juvenile worms were
recovered from 3 of 13 rats: 1 of 11 rats whose viscera and cavities were examined
and both of two rats whose muscles were examined. Rats were not a suitable animal
model for pulmonary infection with P. heterotremus. Mice, guinea pigs, and rabbits
were also found to be insusceptible to pulmonary infection with P. heterotremus.

Keywords: Paragonimus heterotremus, puppy, metacercariae, host-parasite relation-

ship, infectivity, India

INTRODUCTION

In India, Paragonimus westermani isola-
tion from tigers, bear cats, mongooses, civet
cats and dogs has been reported (Rao, 1935;
Dutt and Gupta, 1978; Singh and Somvan-
shi, 1978; Ravikumar et al, 1979; Parihar
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and Shirivastava, 1988). Paragonimus eggs
were also detected in fecal samples of
civet cats and toddy cats in Manipur, India
(Singh et al, 1998). A suitable animal model
for Paragonimus infection is required to
study the host-parasite relationship, patho-
genesis, host immune response, and for
the therapeutic evaluation of drugs. Adult
worms are required for morphological and
molecular characterization, as well as anti-
gen preparations for the immunodiagnosis
of paragonimiasis. Studies have shown
that dogs and cats, especially puppies and
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kittens, are susceptible to most Paragoni-
mus species prevalent in Asia, while rats
and mice served as paratenic hosts when
infected naturally or experimentally with
some Paragonimus species (Shibahara, 1981;
Sugiyama et al, 1990).

Little is known about experimental
animal infection by Paragonimus species
in India. Therefore, this study was con-
ducted to develop a suitable laboratory
animal model for Paragonimus heterotremus
in a laboratory in Manipur, India. Human
infection with this lung fluke species has
been confirmed in Manipur (Singh et al,
2007) and Nagaland (Singh et al, 2009), a
state neighboring Manipur.

MATERIALS AND METHODS

Paragonimus heterotremus metacer-
cariae were isolated from freshwater crabs,
Indochinamon manipurensis (Alcock, 1909),
which were formerly referred to as Pota-
miscus manipurensis, at Churachandpur,
Pashong Luwangsangbam Matai, and
Motbung in the Manipur State of India
(Singhet al, 2007). The isolation procedure
of metacercariae from crabs was described
previously (Rangsiruji et al, 2006). Using
Pasteur pipettes, puppies (n = 5, 8 to 50
metacercariae each), albino rats (Wistar
strain, n = 11, 20 metacercariae each), rab-
bits (n = 4, 20 metacercariae each), Swiss
mice (n = 4, 20 metacercariae each), and
guinea pigs (n = 4, 18 metacercariae each)
were inoculated orally with isolated meta-
cercariae. Pipettes were all heated over a
flame to smooth their edges before using
for oral inoculation. The metacercariae, 20
each, were also inoculated to the peritoneal
cavity of 2 other albino rats under ether
anesthesia using the method described pre-
viously (Sugiyama et al, 1990). The animals
were confirmed negative for Paragonimus
infection by fecal examinations by the

Vol 42 No.1 January 2011

formalin-ether sedimentation technique
prior to experimental infection. They were
autopsied 35 to 430 days after infection and
the lungs, liver, and pleural and perito-
neal cavities were examined. The skeletal
muscles were also examined in some rats
(Sugiyama et al, 1990). Recovered worms
were examined under a microscope before
and/or after Borax carmine staining and
mounting to determine the developmental
stage as adult, pre-adult, immature, and
juvenile according to the criteria of Shiba-
hara (1984).

RESULTS

The 5 puppies used in this study were
all positive for P. heterotremus infection,
and 39 flukes were recovered (Table 1).
Fourteen flukes recovered 70 or more days
after infection were adult (Fig 1), and
those (n = 25) recovered 35 and 43 days
after infection were at the immature stage.
Twenty-eight worms were recovered from
3 of the 13 rats. The flukes from rats were
all determined to be at the juvenile stage
(Table 2, Fig 2). No worms were recovered
and no cysts were identified from the in-
fected rabbits, mice, and guinea pigs.

DISCUSSION

The infection rate of puppies was 100%,
and the worms recovered 70 or more days
after infection with P. heterotremus meta-
cercariae were all identified as adults.
Employing puppies as an experimental
host animal seems to yield sufficient num-
bers of worms required for morphological
identification, antigen preparations, and
molecular studies. The study of host im-
mune responses and therapeutic evalua-
tion of antihelminthic drugs can also be
carried out in puppies.

The recovery of juvenile worms alone
from only 3 of the 13 rats fed with P. het-

35
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Fig 1-An adult fluke recovered from the lung
cyst of tested puppy No. 3,330 days after
oral infection with P. heterotremus meta-
cercariae. T, testes; O, ovary; U, uterus.

0.5 mm

Fig 2-A juvenile fluke recovered from the
muscle tissue of tested rat No. 12, 95
days after intraperitoneal infection with
P. heterotremus metacercariae.

erotremus metacercariae showed that rats
are not a suitable final host for this isolate.
The rats served as paratenic hosts may be
important for natural sources of infection
of wild and domestic carnivorous animals.

Adult worms were recovered from
rats experimentally infected with P.
heterotremus experimenting in Thailand

Vol 42 No.1 January 2011

(Sugiyama et al, 1990) and in Arunachal
Pradesh, India (Narain et al, 2003). From
our observations, together with the previ-
ous findings, the host-parasite relationship
between Paragonimus species and labora-
tory mammalian hosts might be related
to strain variation of the species and the
selection of mammalian hosts in different
geographical areas (Fan and Chiang, 1970;
Habe, 1978; Habe et al, 1996). Dogs and
cats, especially puppies and kittens, are
susceptible to all Paragonimus species in
Asia; these animals can serve as suitable
models for experimental studies which
require a greater number of adult worms
and a longer host life span.
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Case Report

Cerebral paragonimiasis mimicking tuberculoma: First case report
in India
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KEY WORDS ABSTRACT
Cerebral paragonimiasis, Bx:ain An 8-year-old male child of Tuensang District, Nagaland, India, attended Civil Hospital,
CT Scan, Tuberculoma, India Tuensang, complaining of cough, fever, headache, and inability to move right arm since

one month. On clinical suspicion of tubercular meningitis, anti-tubercular therapy was
initiated and the patient was referred to the Naga Hospital Authority. A brain computed
tomography scan revealed an isodense area with surrounding edema on the left parietal
lobe, which was diagnosed as tuberculoma and the anti-tubercular therapy was continued.
As there was no sign of clinical improvement on completion of the three-month-ATD
regimen, the patient was investigated for paragonimiasis. Laboratory investigations
revealed peripheral blood eosinophilia, raised ESR, Paragonimus egg-positive sputum, and
positive Enzyme-linked immunosorbent assay (ELISA) and ID tests for paragonimiasis.
The Bacillus Calmette-Guérin (BCG) test and Acid Fast Bacilli (AFB) sputum smears
were negative. Chest roentgenogram showed no abnormal findings. A final diagnosis of

How to cite this article

Singh TS, Khamo V, Sugiyama H. pulmonary paragor}inﬁasis associated with cerebral paragonimiasis was made. The patient
Cerebral paragonimiasis mimicking responded to praziquantel therapy. Cerebral paragonimiasis is a serious extrapulmonary
tuberculoma: First case report in India. form of paragonimiasis, sometimes life-threatening, but curable with praziquantel. It
Trop Parsspl 2010;1:28 - 41, should be included in the differential diagnosis of cerebral granulomatous and other
DOI: *** space-occupying lesions.

INTRODUCTION jugular or carotid foramen and commonly invade the

temporal and occipital lobes.® Cerebral paragonimiasis
is a serious and sometimes fatal disease, although the
symptoms are solely dependent on the site of localization
and number of parasites.!! Cerebral paragonimiasis
have been reported mainly from China;® Korea;!¥l
Formosa;’® and Japan.! We report the first case of
cerebral paragonimiasis in India, which was combined
with the pulmonary form.

Paragonimiasis is commonly manifested as pulmonary
paragonimiasis, but extrapulmonary forms are not
infrequent in humans. Singh et al., in a review of 45
cases of paragonimiasis in children, found 20 (44.4%)
extrapulmonary cases.!! In another review of 247 cases
in adults, the extrapulmonary forms were found in 2%
of all the cases.” Extrapulmonary forms resulted from
the erratic migrations of juvenile worms, which deviated
from the normal route of migration to thelungs through  cASE HISTORY
the intestinal wall, peritoneal cavity, and diaphragm.
The cerebral form is one of the typical examples of
extrapulmonary forms due to erratic migrations. In this
form, the worms enter the cranial cavity through the

An 8-year-old boy of Tuensang district, Nagaland, India
was admitted to the district hospital of Tuensang on 15
October, 2007, with chief complaints of cough, fever,
headache, and inability to move the right arm since one
month prior. The patient was provisionally diagnosed as
Address for carespondence — . , a case of tubercular meningitis. Without any laboratory
Dr. T. Shantikumar Singh, Department of Microbiology, Sikkim Manipal X . he Hisely el ber, 2007

Institute of Medical Sciences, 5 mile, Tadong, Gangtok-737 102, Sikim,  investigations, he was discharged on 22 October, 2007 to
India. E-mail: shantikumar_singh@rediffmail.com be admitted in a Civil Hospital, Tuensang, on 25 October,
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Figure 1: CT scan of the brain showing an isodense area surrounded
by edema (arrow) in the left parietal lobe

where he was given antitubercular therapy (Cat-II). In the
absence of any appreciable improvement, the patient was
transferred on 6 November, 2007 to the Naga Hospital
Authority, where specialists and facilities for laboratory
investigations, including computed tomography (CT) /
X-ray / Ultrasonography were available. On 13 November,
2007, few laboratory investigations and CT scan of the
brain were performed. The routine hematological test
revealed Hb11gm%, total leucoctye count 8800 per cumm,
neutrophils-58%, lymphocytes-25%, eosinophil-17%, and
ESR (Westergren) 60 mm, at the end of the first hour. The
BCG test was negative. A CT scan of the brain showed an
isodense area with surrounding edema in the left parietal
lobe [Figure 1]. A diagnosis of tuberculoma in the left
parietal lobe was made and antitubercular therapy was
continued. Sputum samples were negative for AFB, but
positive for Paragonimus eggs [Figure 2]. Micro-ELISA and
double immunodiffusion tests of the serum were positive
for paragonimiasis. Paragonimus heterotremus adult extract
was used for these tests, as an antigen. The patient gave
a history of consumption of mountainous crabs. Based
on these findings, the case was finally diagnosed as
pulmonary paragonimiasis with cerebral involvement.
The morphological and molecular characterizations of
eggs from the sputum sample revealed features of P.
heterotremus. Hence, the causative agent was identified
as P. heterotremus. A high incidence of P. heterotremus
metacercariae in mountainous crabs (Singh TS et al.,
manuscript in preparation) supports this conclusion. A
course of praziquantel was given in doses of 25 mg per
kg body weight, thrice a day, for five days. Following
the praziquantel therapy, the patient showed dramatic
improvement clinically, during the follow-up period of
three months post therapy.

DISCUSSION

Cerebral paragonimiasis is one of the important

Tropical Parasitology
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Figure 2: Paragonimus egg seen in the sputum smear (40x) not to
be scaled

extrapulmonary forms with serious consequences
and high mortality compared to the pulmonary form,
which is usually benign. Most cases of cerebral disease
are associated with chronic morbidity due to epilepsy,
dementia, and various neurological sequelae. Rarely,
the patient may die of cerebral hemorrhage. A rare
case of cerebral paragonimiasis combined with cerebral
hemorrhage was reported by Choo et al.’} Cerebral
paragonimiasis is usually diagnosed with the help of
imaging techniques, such as, X-ray, Computerized Axial
Tomography (CAT) scan, and magnetic resonance (MRI),
and serodiagnosis (ELISA and others) is complemented.
The CT and MRI of cerebral paragonimiasis generally
show as conglomerates of multiple ring-shaped
shadows or enhancements, called the ‘grape cluster’ or
‘soap bubble’ forms, in one hemisphere.l'”] The present
case is an exception of cerebral paragonimiasis with a
granulomatous lesion in the left parietal lobe. As the
case was associated with pulmonary paragonimiasis, the
causative agent was identified as P. heterotremus, based
on the morphological and molecular characterization of
the eggs from the sputum sample. This case emphasizes
the need for differential diagnosis between tuberculoma
and cerebral paragonimiasis by careful history taking
and laboratory investigations. If the clinicians were
aware of the prevalence of paragonimiasis and its various
clinical presentations, the delay in the correct diagnosis
and therapy for cerebral paragonimiasis could have
been avoided.
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First Record of Paragonimus miyazakii Infection in
Captive Meerkat (Suricata suricatta) in Japan

Seiki TATARA" , Hiromu SUGIYAMA?® , Hideo KUMAZAWA® and Hiroo MADARAME?

1) Noichi Zoological Park of Kochi Prefecture, Konan, Kochi 781-5233, Japan
2) Department of Parasitology, National Institute of Infectious Diseases, Shinjuku, Tokyo 162-8640, Japan
3) Department of Parasitology, Kochi Medical School, Nankoku, Kochi 783-8505, Japan
4) Laboratory of Small Animal Clinics, Veterinary Teaching Hospital, Azabu University, Sagamihara, Kanagawa 229-8501, Japan

ABSTRACT.  Two adult flukes were found in a cyst in the left lung of a captive meerkat (suricate, Suricata suricatta)
in a zoo in Kochi Prefecture, Japan. They have been identified as Paragonimus miyazakii Kamo, Nishida, Hatsushika et
Tomimura, 1961, on the basis of morphological features of the adult flukes and those of the eggs in the feces, as well as
a ribosomal DNA sequence. The suricate was possibly infected by ingesting wild Japanese freshwater crab (Geothelphusa
dehaani) wandering into the placeof breeding exhibition. This is the first confirmed case of P. miyazakii infection in a

meerkat imported to a Japanese zoo.

Key words : lung fluke, meerkat, Suricata suricatta, Paragonimus miyazakii, zoo animal
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